Purpose -The purpose of this paper to investigate the effectiveness of selected search features in the major English and Chinese search engines and compare the search engines' retrieval effectiveness. Design/approach/methodology -The search engines Google, Google China, and Baidu were selected for this study. Common search features such as title search, basic search, exact phrase search, PDF search, and URL search, were identified and used. Search results from using the five features in the search engines were collected and compared. One-way ANOVA and regression analysis were used to compare the retrieval effectiveness of the search engines. Findings -It was found that Google achieved the best retrieval performance with all five search features among the three search engines. Moreover Google achieved the best webpage ranking performance. Practical implications -The findings of this study improve the understanding of English and Chinese search engines and the differences between them in terms of search features, and can be used to assist users in choosing appropriate and effective search strategies when they search for information on the internet. Originality/value -The original contributions of this paper are that the Chinese and English search engines in both languages are compared for retrieval effectiveness. Five search features were evaluated, compared, and analysed in the two different language environments by using the discounted cumulative gain method.
Introduction
As internet information becomes increasingly important to people, effective information retrieval is receiving more attention from researchers worldwide than ever before. With continuing advancements in networking technology, more abundant information is now available to users worldwide on global networks. While locating the needed information from a seemingly unlimited knowledge reservoir would otherwise be impossible for average users, search engines help them reach the needed information through only a few mouse clicks.
A search engine should provide users with various search features to meet their diverse information needs. A special search feature is different from a basic search feature in a search engine. Although basic searches are the primary search method for most users, special search features can satisfy special information needs. Basic search features in conjunction with a variety of special search features in a search engine enable users to have an array of search choices. Sometimes it is the special search features in a search engine that differentiate it from other search engines.
The objectives of this study are to identify a major English search engine and the two main Chinese search engines, compare common search features in the search engines, investigate retrieval effectiveness, and provide insight into these search engines. Since Google maintains two search engine versions in China (one for Chinese query searches and one for English query searches), both versions were included in the study. The research question of this study is whether there are significant differences between the major English search engine and the equivalent Chinese search engines in terms of retrieval effectiveness.
Related research
Since their inception researchers and industry professionals alike have been studying and improving search engines. Various studies have been conducted to analyse search engines' search features. For example, one study selected two advanced search features (exact title search and URL search) to examine the impact of non-topical terms and semi-topical terms on query expansion, and found that search results would improve if queries are restricted to the exact title search or URL search (Fattahi et al., 2008) . Contrary to expectation in another study Boolean search strategies were ineffective (Ford et al., 2002) . Still another study indicated that most query operators such as AND, OR, MUST APPEAR (C), or PHRASE (" ") were not used by the majority of searchers; the researchers examined the effects of query operators on the performance of three major web search engines, and found that the use of most query operators had no significant effect on coverage, relative precision, or ranking (Eastman and Jansen, 2003) . Other studies also focused on operators in search engines (Höchstötter and Koch, 2009; Jansen and Spink, 2006) . In an automatic process, search queries from three different search engines were compared over a long period, demonstrating that some patterns were stable in a number of different search engines (Höchstötter and Koch, 2009 ). Jansen et al. (2000) analysed transaction logs of the search engine Excite, and investigated changes in queries during a session, the number of search terms, and the use of logic and modifiers, and search term rank/frequency distribution.
As a result of such efforts by academic and industry researchers, numerous search engines have been designed and enhanced to assist users in their search for information, including web search engines, selection-based search engines, meta-search engines, desktop search tools, and web portals and vertical market web sites that have a search facility for online databases (Wikipedia, 2011) . While many countries have developed their own search engines to work with online databases or webpages in their own languages such as Baidu for Chinese webpages, certain search engines such as Google have become popular across the globe.
Google is well known due to its dominant market share and its powerful and sophisticated search features. According to Alexa.com (2009) Google surpasses other search engines in terms of traffic. Google is literally dominating the field of web information retrieval with a 56.08 per cent search-engine market share, followed by Bing (10.63 per cent), Yahoo Search (9.96 per cent), Ask (3.31 per cent), and AOL Search (1.80 per cent) (Hitwise, 2012) . It is estimated that 81 per cent of global internet users 218 OIR 37,2 visit the Google web site ( Jarboe, 2007) . It is likely that more recent data on Google use may show it to have climbed even higher.
As a search engine Google is rich in search features. In addition to simple keyword search Google provides users with an array of other search options, including title search, exact phrase search, Boolean search, language restriction, file type restriction, country restriction, internet domain restriction, URL search, text search, anchor search, date restriction, similar pages, linked pages, returned result number restriction, numeric range, and safe search filter, etc. These search features or options are designed to assist searchers in meeting their various special information needs and achieving better retrieval performance.
To reach the thriving Chinese search engine market, Google Inc developed a Chinese version of its search engine -Google China -and successfully launched it in China. Other than a different language framework or platform and a different set of character processing mechanisms, Google China had identical functionality and interface to the English version. Soon Google China and the domestically developed Chinese search engine Baidu became the two dominant search engines in the Chinese market with a combined 90 per cent market share. Although Baidu was the most used search engine in the Chinese market and enjoyed a 56.8 per cent share of searches, Google China was second with 32.8 per cent of the search share (Baker, 2006) . Google Inc officially gave Google China a Chinese name -Guge -in April 2006, which means the Song of Sowing and Expectation and the Song of Harvest and Joy. In April 2010, due to some unresolved disputes with China's regulatory agency, Google Inc officially terminated the use of the name Guge, moved its operations from mainland China to Hong Kong, and resumed calling the Chinese version Google China (BaiKe, 2011) .
Today, while Google is facing unprecedented challenges in China in comparison to its operations in other countries, Baidu seems to be quite popular among Chinese users. According to the China Internet Network Information Centre (CNNIC) 76.9 per cent of users in China choose Baidu as their preferred search engine, while 16.6 per cent choose Google. While Baidu has 76 per cent of the market share, Google is in second place with 18.9 per cent of the market (CNNIC, 2010) .
During the past decade much research effort has been devoted to comparative studies and analyses of search engines in different regions. One study concentrating on two major search engines, FAST and Excite, found differences in search behaviour and search topics between US and European users. While the Americans focus more on e-commerce information, the Europeans use the web more for social information (Spink et al., 2002) . Other comparative studies have explored search engines in other countries including Thailand, China, Germany, and Greece (Tongchim et al., 2006; Long et al., 2007; Griesbaum, 2004) . In one study Google and other Chinese search engines were compared and analysed in terms of database coverage, retrieval functions, and interfaces (Chen and Qing, 2003) . Resources and services of digital library projects in both Google and Baidu were examined (Yan, 2008) . In another study three popular Chinese search engines were examined and evaluated from the users' angle (Long et al., 2007) . However studies evaluating and comparing retrieval effectiveness of multi-language search engines from the search features perspective are scarce in the existing literature.
Research methodology
Selection of search engines Google (www.google.com) has been a prestigious and influential search engine in the search engine market in terms of reputation, database coverage, and search features,
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Search feature effectiveness and Baidu (www.baidu.com) is the most prominent and popular search engine in China. For these reasons Google and Baidu were selected for this comparative study. As already mentioned, Google has a Chinese version: Google China (www.google.cn). With a Chinese interface Google China is designed to specifically search web sites in Chinese. Users can submit queries in Chinese and the search engine will return webpages in Chinese. This language interface makes Google China a major competitor of Baidu. This study compares Google, Google China, and Baidu. Google China was included because it served as an effective reference when the retrieval effectiveness of Google was compared with that of Baidu. The retrieval performance of Google was based on queries and webpages in English while that of Baidu was based on queries and webpages in Chinese. When a particular search feature of one search engine outperforms that of another, the performance difference could result from multiple factors such as the search engine retrieval algorithm utilised and the quality of webpages in the respective languages. Referencing the performance of the same search feature in Google China, people would know whether the quality of webpages in the respective languages played a role in the performance difference.
Selection of search features
Five search features -title search, basic search, exact phrase search, Portable Document Format (PDF) search, and URL search -from the above-mentioned three search engines were identified and selected for this study.
Title search requires that keywords in a query should appear in the title of a returned webpage, as embedded in the otitle4tag. For basic search, keywords in a query can appear in any part of a returned webpage, such as the title, subtitle, introduction, or conclusion. Exact phrase search requires that phrases specified in a query are exactly matched with phrases in the retrieved webpages. For instance the phrase "school library" in a query can only match "school library" rather than "library school" in a webpage. Webpages on the internet are rich not only in contents but also in formats. PDF is one of the most popular webpage formats. PDF search is particularly important for academic information needs. PDF search limits the retrieved webpage file format to the PDF format. URL search dictates that keywords in a query appear only in the URL of the returned webpage. In other words query terms should show in the URL address of a retrieved webpage in URL search.
Basic search is the default search feature in all three search engines. It is also the most frequently used search feature. Therefore it can serve as a comparison baseline. Title search and PDF search are popular search features. Exact phrase search and URL search are utilised to meet special user requirements. The availability of these five search features in all three engines (Google, Google China, and Baidu) makes the comparative analysis of these three search engines possible.
The retrieval performances of these search features were analysed and retrieval results compared across the three search engines.
Design of search tasks
Search tasks were designed and translated into corresponding queries. These queries were submitted to the selected search engines. The internet information resources are rich and diverse. To ensure that the formulated queries were representative enough, the designed tasks covered four different domains: medicine and health, culture and education, information and technology, and business and economy. Theoretically 220 OIR 37,2 speaking, the more search tasks in a study, the more sound the study's results. Some studies have used more than 50 search tasks (Lewandowski, 2008) , while other studies have used fewer (Vaughan, 2004) . To obtain reasonable experimental results for each of the search features, 20 different search tasks were generated for the study, with five search tasks focusing on each of the four subject domains. Since the comparative study of the selected search engines was conducted in two different language environments, the 20 search tasks were designed in both Chinese and English. In other words the 20 search tasks in English were also translated into Chinese (see Table I ). As a result 20 search queries in English were submitted to Google, 20 search queries in Chinese were submitted to Baidu, and 20 search queries in Chinese were also submitted to Google China. For each search task in each subject domain, five queries were formulated and submitted to the search engines using the above-mentioned five search features. Thus a total of 200 queries were utilised: 100 queries in English for Google, and 100 Chinese queries for Baidu and Google China. Data collection and result evaluation After a query was submitted to a search engine using a particular search feature, a ranked results list was returned. According to previous studies on users' search behaviour, users usually browse only the top 10 or 20 retrieval results and ignore the rest of the retrieved webpages on the list ( Jacsó, 2008; Jansen and Spink, 2006) . Another study pointed out that users tended to read the results from top to bottom, especially the first-and second-ranked results ( Joachims et al., 2005) . These studies show that users are more interested in the results which are ranked high on a returned results list from a search engine. With those findings in mind the researchers in this study only examined the top 100 returned webpages from each result list. Sponsored webpages were excluded in order to achieve fair comparisons. Dead links on the returned list were excluded because the dead link rate was very low, and without the full text of a webpage, it is difficult to conduct a subjective analysis of that webpage.
In this study four people participated in the relevance judgement for the retrieved webpages collected from the search engines. After reading and understanding a task thoroughly, each of the judges made a relevance judgement on each of the retrieved results in each list, and assigned a relevance score. 
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Search feature effectiveness Relevance was measured and categorised using a predefined five category scoring system. The five levels of relevance were: not relevant, less relevant, relevant, very relevant, and most relevant. In the scoring system 0 indicates not relevant, 0.25 less relevant, 0.5 relevant, 0.75 very relevant, and 1 most relevant. After the title, the abstract (if included), and full text of a particular webpage were scrutinised and the subject matter of the page compared with the corresponding search task, a relevance score was assigned to the webpage. In other words the relevance judgement for a particular webpage was not based on its length, file type, format, layout, and the angle from which it addressed the subject. The relevance judgement for a webpage depended fully on its subject content. The effectiveness of a search was calculated based on the raw relevance scores of the items and their positions from the corresponding query. Discounted cumulative gain is defined as the sum of products of a relevance score and its position weight on a returned results list Kekäläinen, 2000, 2002) . DCG is considered the amount of weighted relevance information on a returned results list. The retrieval effectiveness is defined as follows:
In Equation (1) w i is an examined webpage, E(w i ) is the retrieval effectiveness for a search, R i (w i ) is a relevance score of a given webpage (w i ) on a retrieval results list, and n equals the length of the results list of the search. Although most users browse the top 10-20 items located on the top of a returned results list, it does not mean that all users only read the top 10-20 items. Some users may browse more items on a retrieval results list. In order to achieve a sound and reliable result, the number of examined items on a results list was defined as 100. In this study, because the top 100 webpages on a search results list were selected for examination and evaluation, the parameter n was 100 for all the queries.
Data analysis
Since the researchers attempted to compare the three search engines regarding the performance of each selected search feature, the resulting retrieval effectiveness data of each search feature were classified into three groups -Google, Google China, and Baidu -and a one-way ANOVA analysis was applied to the three groups to test whether there were significant differences among the three search engines. Therefore five ANOVA analyses were conducted for the five search features, respectively. If significant differences exist among the three search engines in terms of retrieval effectiveness, then the Tukey HSD analysis method is employed to examine the causes of differences among the groups. The data analysis tool employed was the SPSS statistical analysis software package (Version 17). The significance level ( p) or sig, which represents the percentage or the probability that the results are due to chance, is set to 0.05 for all the tests in this study. In addition a regression analysis was conducted to examine the ranking quality of a retrieval results list for a particular query. In a wellranked results list, the relevance score of a returned webpage in a higher position should be higher than that of a returned webpage in a lower position on a retrieval results list. A regression analysis enables people to understand the downward trend of the returned webpages in terms of the relevance to a query. Based on the statistical 222 OIR 37,2 analysis results, conclusions on search engine performance among the three search engines were made.
Results

Effectiveness analysis of five search features among the three search engines
For each of the five selected search features, 20 queries were submitted to each search engine. Consequently a total of 100 (20 Â 5 ¼ 100) queries were submitted to each search engine. Therefore a total of 300 queries were submitted to the three search engines studied. Since the top 100 webpages from each query were examined and investigated, a total of 30,000 (100 Â 300 ¼ 30,000) webpages were processed in this study.
The results are summarised and displayed in Tables II and III . In Table II the means for title search, basic search, exact phrase search, PDF search, and URL search for Google are 14.2827, 13.0910, 11.4940, 14.8360, and 11.2202, respectively. It is evident that the means for all five search features of Google are higher than those of both Google China and Baidu.
With sig values of 0.000, 0.000, 0.001, 0.000, and 0.000, respectively, and with all of them lower than 0.05, the ANOVA tests show that there are significant differences among the three search engines in search effectiveness with each of the five search features. The degrees of freedom (df) are 2 between groups, and 57 within groups. F-values for the five search features -title search, basic search, exact phrase 95% confidence interval for mean The Tukey HSD test was subsequently applied to the data set to identify the causes of the differences. The detailed results are shown in Table IV . It is clear from the significant mean differences between Google and Google China or Baidu that Google outperforms Google China and Baidu in all five search categories: title search, basic search, exact phrase search, PDF search, and URL search. As shown by the significant mean differences between Google China and Baidu in title search, basic search, PDF search, and URL search, Google China edges out Baidu in those four categories. In summary, Baidu achieved the worst performance among the three search engines. Figure 1 gives intuitive and visual displays of the retrieval effectiveness results.
Regression analysis of the five search features among the three search engines
The average relevance scores for all five search features and for all three search engines were calculated, and a regression analysis was performed. A greater R 2 score is associated with a better webpage ranking result on a retrieval results list. The regression equation is a logarithmic model and is defined in Equation (2) for all five search features in this study. In Equation (2) Y stands for the relevance score of a webpage, X stands for its position on a results list returned by a search engine, and b 0 and b 1 are two parameters that affect the shape of the curve. However, each search feature corresponds to its own parameters b 0 and b 1 ; therefore, it is no surprise that parameters b 0 and b 1 vary across different search features (see Table V) :
The regression analyses were applied to basic search, exact phrase search, PDF search, title search, and URL search as well. The resultant values of R 2 , F, sig, b 0 and b 1 are tabulated in Table V search results ranking quality. Baidu had the worst performance and Google China achieved second place. Notice that Google's performance in PDF search is almost similar to that of Google China. Also, for all three search engines, performance in URL search is the worst.
Discussion
The findings imply that the quality of English webpages was generally better than the quality of webpages in Chinese. It is interesting that Google outperformed Google China in all five search features in terms of retrieval effectiveness. Google was better than Google China in both the one-way ANOVA analysis and the regression analysis. The mean differences between Google China and Google in title search, basic search, phrase search, PDF search, and URL search are À0.82992, À0.91096, À1.09132, À0.58338, and À1.31487, respectively, and their sigs are lower than 0.05. Google China and Google, designed and operated by the same company, may adjust the retrieval, indexing, and ranking mechanisms to adapt to different language environments. One of the major differences between Google and Google China is the nature of the language in the webpages. Google primarily processes webpages in English while Google China primarily processes webpages in Chinese. It suggests that the performance differences between Google and Google China may be caused by the quality differences between English webpages and Chinese webpages. This finding confirms the claim in another study that the quality of webpages affects search engine performance (Vaughan and Thelwall, 2004) .
Digital libraries, open access resources, and institutional repositories are not buzzwords. Instead they have been widely created or implemented in libraries, colleges, universities, schools, institutes, and other organisations in western countries, especially in the USA. Unlike average webpages, information resources from these libraries, open access web sites, and institutional repositories are both rich in content and high in quality. They often include scholarly documents, journal papers, proceedings, academic reports, syllabuses, teaching materials, e-books, government documents, and other electronic materials. Such information resources are crawled and indexed by search engines such as Google and have become an extremely important part of search engine databases. However, although internet-related information technology has advanced rapidly in recent years, digital libraries, open access resources, and institutional repositories are still developing. This in part accounts for the lower quality of the webpages in Chinese.
The technology of Web 2.0 has had a profound impact on internet information organisation and utilisation. It takes interaction between the internet and its users to an unprecedented level. Wikipedia, for example, results directly from Web 2.0 technology. English Wikipedia has proven to be a comprehensive, reliable, and rich information resource; however Chinese equivalents to Wikipedia such as Baidu Wikipedia and Baidu Knows are not yet as mature as their English counterpart in terms of content, scope, and quality. This could also account in part for Baidu's poorer performance in this study.
It was known that Google, Google China, and Baidu treat blog information differently when they rank blog webpages in a returned results list. Blog pages generally contain raw information that has not undergone editing or peer-reviewing processes. In other words their quality is typically not controlled. In this study it was found that about 9 per cent of the returned webpages from Baidu were blog-related compared to only about 2.3 per cent of the returned webpages from Google. This may have also accounted in part for the performance differences between Google and Baidu in this study.
Among the five search features, URL search was the least effective for both Google China and Baidu. Although internet protocols support the Chinese language, internet domain names do not support Chinese characters. In other words webpages in Chinese can be displayed and transferred on the internet, but their domain names must be in English. This may explain why URL search achieved the lowest search effectiveness among the five search features both for Google China and for Baidu. It has been reported that the newly revised internet domain names will support Chinese characters (Sayer, 2010) . If so the change will benefit more than 420 million Chinese users (CNNIC, 2010) and is likely to have a positive impact on Chinese URL searches for any search engine.
Although only three distinct search engines were explored in this comparative study, some interesting patterns were observed. Within each of the three search engines, PDF search was the most effective, followed in descending order by title search, basic search, exact phrase search, and URL search. If basic search is used as the comparison baseline, two search features performed better than basic search, and two search features were worse than basic search. It suggests that PDF search and title search are two effective search features regardless of the search engine involved, and exact phrase search and URL search are less effective search features for all search
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Search feature effectiveness engines. In the regression analysis URL search was found to have the worst performance among the five search features for all three search engines. A cross-language study involves multiple language environments. It is impossible to obtain exactly the same language environments for a cross-language study. In this cross-language study the different performances between the search engines Google, Google China, and Baidu were investigated. Significant differences between the search engines were found. It is not surprising that the differences may result from many factors such as quality of indexing in the databases, coverage of the databases, quality of webpage contents, interfaces of the search engines, quality of results rankings, retrieval results relevance judgements, and so on. This study shows that quality of results ranking, quality of indexing in the databases, and quality of webpage contents may contribute, in part, to the differences.
Conclusion
In order to meet users' growing information needs, search engines have provided users with many search services such as web search, image search, audio search, and video search. Among these services web search is one of the most frequently used. Many web search features have been developed to fulfil specific user requirements. A prior study has shown that there are differences in effectiveness among search features of English search engines (Zhang and Fei, 2010) . In this study five search features (title search, basic search, exact phrase search, PDF search, and URL search) in the main English search engine and two major Chinese search engines were compared in terms of retrieval effectiveness and retrieval result ranking. Google, Google China, and Baidu were selected for the study because of their prominence in the search engine field. The study shows that there are significant differences among the three search engines. Google outperformed Google China in terms of retrieval effectiveness in all five selected search features at the 0.05 significance level. It implies that webpages in Chinese may be of relatively poor quality. Meanwhile Google China surpassed Baidu in terms of retrieval effectiveness in four search features (title search, basic search, PDF search, and URL search) at the 0.05 significance level. The regression analysis results show that Google also exceeded Google China and Baidu in terms of search results ranking quality in all five search features. Google China outperformed Baidu and held the second place in this category. The findings reveal that there are significant differences between the major English and Chinese search engines, and the Google search engines outperformed the Baidu search engine due to factors such as quality of indexing in the databases, coverage of the databases, quality of webpage contents, quality of results rankings, and so on.
Although 40 search tasks (comprising 200 search queries) were employed for this study, it is believed that if more search tasks and more search queries were used, the results would be more convincing and plausible. In this study the relevance judgements for the retrieved webpages were conducted by four people. If more people could participate in the relevance judgements, the relevance judgement results would be more reliable. It is one of the research limitations.
With an understanding of such differences, end-users could select appropriate search features and strategies to improve their search effectiveness, search engine developers could further improve and optimise various search features, and web authors might make greater efforts in designing quality webpages so as to increase the possibility of their webpages' being found and read by the intended readers.
Future research directions include, but are not limited to, comparisons between Chinese search engines and other language search engines in terms of these search 228 OIR 37,2 features, comparisons between English search engines and other language search engines in terms of these search features, and comparison of content quality of webpages in Chinese and that of webpages in English. Since both Google and Baidu are comprehensive search engines, they include image search, video search, news search, blog search, etc. The same research method used in this study could be applied to these searches.
